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Abstract 
Now-a-days, Aluminum Matrix Composites (AMCs) are extensively used in industrial applications. For 
AMCs, stir casting is the cheapest and most flexible productiontechnique. Homogeneity of the reinforcement 
particle in the final cast determines the intended properties of composite material. However, the effect of the stirring 
parameters on the homogeneity of the particle distribution in the composite is not well studied. In this paper, the 
stirring action is simulated to correlate with the experimental results. For this a computational model of stir casting 
is developed. Effect of important stirring parameters such as speed and number of blades in the stirrer are studied. 
The effectiveness of stirring is quantified based on the shear rate developed in the flow field. The results obtained 
using the model was found to be in good correlation with the published experimental results. 
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1. Introduction 
The term composite refers to a combination of base matrix material and reinforcing particle. Depending upon the 
proportion of composite added, the final composite properties may be controlled. Composites made using aluminum 
as base metal is known as Aluminum Matrix Composites (AMCs). Various advantages in AMCs over base metal 
include greater strength, improved stiffness, reduced density, improved high temperature properties, controlled 
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thermal expansion coefficient, thermal/heat management, enhanced and tailored electrical performance, improved 
abrasion and wear resistance, control of mass, improved damping capabilities etc. [1]. 
Nomenclature 
AMC Aluminium Matrix Composite 
MMC Metal Matrix Composite 
SiC  Silicon Carbide 
CFD Computational Fluid Dynamics 
UDF User Defined Function 
 
The AMC applications vary widely from industry to industry. Considerable interest for AMCs has been shown by 
Aerospace, Defense and Automobile industries. Particular applications of AMCs include Fan Exit Guide Vanes 
(FEGV) of gas turbine engines, ventral fins and fuel access cover doors for military aircrafts. Manufacture of 
hydraulic manifold for flight control is also carried out using Aluminum Matrix Composites. AMC Brake pads for 
cars and trains largely contribute to its demand in industries. Electronic industries also have huge demand for AMCs 
for packaging applications.  
Production methods for manufacturing AMCs aim to achieve a uniform mix between base metal matrix and the 
reinforcing particles. Of various AMC manufacturing techniques, stir casting has the advantage of being the 
simplest, most flexible and cheapest process of all. Stir casting is highly favored in industries as it follows a 
conventional process path [2]. Stir casting uses mechanical stirring to vigorously stir the aluminum melt with 
simultaneous addition of reinforcement [3]. A mechanical stirrer is used for this purpose. 
In general the mixing of powders in a liquid media includes three stages [4]. This is the same case with mixing of 
SiC particles in molten aluminum. The three stages are: 
 
x Incorporation of the powder in the liquid media. 
x Wetting of the powder particles. 
x Breaking down of the particle agglomerates and aggregates. 
 
Here, the first two stages of dispersion, i.e., the incorporation of particles in liquid medium and wetting of 
particles added, are dependent upon the physical and chemical nature of the particles as well as base metal. Hence 
minimal amount of control can be enforced in these two stages. Therefore, the dispersion can only be controlled in 
the final stage i.e. stirring of the melt. The force acting upon a particle doublet under stirring is given by the equation 
  
 26F aSK J  (1) 
  
Where, K is the kinematic viscosity of the fluid, a is the mean characteristic length of the particle and J  is the 
shear rate in the fluid. 
The stir casting machine essentially consists of a furnace crucible with a stirrer provided from the top. A control 
panel having buttons for varying speed of stirrer, heat input rate of the furnace, height of the stirrer blades is also 
present. AMC stir casting process starts by filling the crucible with aluminum metal billets. The furnace heats the 
billets till they turn liquid. . Afterwards the stirrer is lowered into the crucible and vortex motion is imparted to the 
aluminum melt by rotation. Stirring action causes dispersion of SiC particles into molten aluminum. After sufficient 
mixing, the melt is transferred to casting mold using a bottom tap hole. 
Various studies have been conducted to understand the stirring action in stir casting. A research work that 
examines the SiC distribution in stirred liquids was carried out by Rohatgi et al [5]. The work investigates the 
distribution of SiC in a SiC-water mixture during stirring. By selectively sampling and examining the mixture, effect 
of baffles in stirring process was found out. It has been reported that a SiC-water model can provide satisfactorily the 
results that are obtained by the actual casting experiment.  
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The very first simulation process of stir casting was attempted by Hashim et al. [6]. A two dimensional (2D) 
single phase model of the stirring was created using Ansys Flotran CFD. An experiment was also conducted. Both 
the simulation results and the experimental results were in good agreement. 
It was confirmed that stirring speed, blade geometry, number of blades, blade angle and stirrer height from the 
base are the key factors that affect stirring. Naher et al [7] used a water-glycerol mixture to model AMC production 
by stir casting. The viscosity of the water glycerol mixture was equivalent to that of molten aluminum. 
Uniform dispersion time was measured for different values of stirring speed, blade geometry and stirrer height. 
They found that higher blade angle, higher stirring speed and lower viscosity of the fluid reduced time for uniform 
dispersion. The simulation work did not address solidification of the melt. 
An optimization of the stirring parameters was carried out by Ravi et al. [3]. A water model was used here for the 
experiment. The effects of stirring speed, blade angle, direction of rotation, effect of baffles on dispersion etc. were 
studied. 
Results showed that baffles constrained the tangential flow in tank into vertical loops. A stirring speed of 250-270 
rpm in clockwise direction was found to be optimum. The optimum blade angle was found to be 30. 
An important simulation work dealing with stir casting was carried out by Naher et al. [8]. An experiment, an 
analogue physical model and a computational model of the experiment were developed by the group. Plots between 
radial distance and volume fraction of particulate and settling time of the particulate were studied through all three 
methods. A two phase-2D model was used to simulate experiment. The major shortcoming of the work was that the 
simulation results did not correspond to that of the experimental or analogue model data. 
The most recent work on the topic was carried out by Hai su et al. [9]. A 3D single phase simulation study was 
conducted by the group. Fluid volumes having negligible relative fluid velocity were identified as stagnant zones. 
Effective mixing conditions should produce minimum stagnant zone within the flow domain. A planimetry (plane by 
plane) study was conducted to find out the fraction of stagnant zone in the domain. Parameters were optimized based 
on this measure. 
As mentioned before the breaking down of powder in liquid media is influenced by the shear rate developed in 
the liquid [4]. Relative velocity in flow field represents the velocity gradient of the flow. Velocity gradient is 
proportional to the strain rate of the flow. Hence, quantification of relative velocity indirectly quantifies total strain 
rate in the flow. Strain rate is considered instead of shear rate to quantify mixing in the before said research work. 
This leads to present work which attempts to study the stirring action of stir casting process in detail. 
Experimentation techniques require high cost and time. Hence a computational model of the process is opted. A 
single-phase 3D model is used. Based on studies in mixing [4], shear rate in flow is used to quantify mixing 
effectiveness. 
2. Computational Model Details 
In present work, flow field developed due to stirring action is simulated. An experiment that has been previously 
conducted is reproduced for simulating the stirring action [7]. The experiment determines time for uniform 
dispersion of SiC particles in water glycerol mixture having a viscosity of 0.001Kg/m-s. Experiment studies effect 
of stirrer geometry, number of blades, stirring speed and height of the stirrer blades on particle distribution. In this 
simulation work, only effects of the stirrer speed and number of blades are studied. The blade angle was fixed at 
90°. The stirrer height was fixed at 20 mm. The details of how the geometry was modeled, meshed and solved are 
given below. 
2.1. Geometry 
Since the simulation was conducted to reproduce previously conducted experiments, the geometry adapted was 
strictly based on the experimental work conducted. The geometry of the experiment is as given below. The 
geometric details such as shape, dimensions etc. of the experimental setup is used to create geometry in the 
software. The cylinder and the stirrer geometry were created in Ansys Design modeler. A four bladed stirrer and 
tank was modeled as shown Fig. 1. 
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Fig. 1. Schematic of geometry used for simulation. 
Courtesy: Simulation of stir casting, S. Naher et al. [7] 
2.2. Meshing 
Meshing of the fluid volume was done using ANSYS meshing software. Cut-cell meshing was used for meshing 
the volume. After conducting a mesh sensitivity study, a mesh having approximately 3, 50,000 cells were used.In 
Fig. 2 is the mesh sensitivity analysis plot is given. It can be seen that the parameter attains a constant value from 
cell count exceeding 3, 50,000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Mesh sensitivity analysis 
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2.3. Assumptions 
Assumptions used to create the simulation model are stated below. 
x Aluminum melt is assumed to be Newtonian in nature. 
x Solidification of the aluminum melt is neglected. Hence the viscosity of aluminum is assumed to be a constant. 
μAl=0.001 Kg/m-s.  
x The model assumes a fixed geometry for fluid domain. Hence, fluid flow outside and air flow inside the initial 
geometry are neglected.  
x The fluid volume is assumed to be continuous. Hence air aspirations, bubble and vorticity formation are 
neglected. 
x The blades are assumed to be rigid and of uniform motion. 
x The tank walls are assumed to be rough and no slip condition is assumed at the walls. 
2.4. Boundary Conditions 
For single phase simulation, the aluminum melt was given constant viscosity of 0.001 Kg/ms. The density was 
fixed at 2300 Kg/m3. A gravitational acceleration equal to 9.81 m/s2 was given. For modeling turbulence, first the 
Reynolds number is calculated. Reynolds number for stirred tank is defined as  
 
  (2) 
 
Where, U  is the density, Z  is the angular velocity of the stirrer blades, R  is the characteristic length- here the 
radius of the stirrer blades and P  is the dynamic viscosity. Reynolds number for the given problem ranges from 
˜38500 to ˜115000. In stirred vessels, the flow is turbulent for eR values greater than 10000. Therefore turbulence 
was included in the model using K H  turbulence model. Scalable wall functions were used to model turbulent 
boundary layer. For modeling rotation, a single frame motion was provided to the fluid volume. The top surface of 
the fluid volume is provided with zero wall-shear, since in real case, there is no friction present on top of fluid. 
2.5. Post-Processing 
Shear rate is the rate of shear tensor. The shear tensor is defined as: 
 
  (3) 
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The shear rate from the flow field is extracted using a user defined function (UDF) in Fluent. 
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3. Results and Discussion 
The simulation was run for four bladed stirrer and three blade stirrer. The blade angles were fixed at 90° for both. 
Blade speeds 100, 150, 200, 250, and 300 rpm were simulated. The volume averaged shear rate was calculated for 
each case using a user defined function (UDF).  
. 
  Table 1.Data obtained from simulation. 
Stirrer type Stirring speed (rpm) 100 150 200 250 300 
Three bladed Average shear rate 
(from Simulation) |Sij|  (1/s) 
0.198 0.298 0.397 21.56 25.44 
 Time for uniform particle  
dispersion (from literature) T (s) 
180 28 25 14 13 
 
 
Inverse of time for uniform  
particle dispersion (1/s) 
0.005 0.035 0.04 0.071 0.076 
Four bladed Average shear rate 
(from Simulation) |Sij|  (1/s) 
2.036 2.87 18.67 22.98 27.19 
 Time for uniform particle  
dispersion (from literature) T (s) 
120 27 16 18 15 
 Inverse of time for uniform  
particle dispersion (1/s) 
0.008 0.037 0.062 0.055 0.067 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Plots comparing simulation data with previously published results: 3 bladed stirrer of 90° blade angle. 
Correlation between the two data was found to be 0.891 
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The time for uniform dispersion is inversely dependent upon the effectiveness of the mixing employed. Also, 
mixing effectiveness is directly dependent upon the shear rate that is generated in the fluid domain. Hence it is clear 
that shear rate and time for uniform dispersion are inversely related to each other. This is further confirmed by the 
results that are obtained. 
For both stirrer types, graphs are plotted between shear rate obtained and the inverse of time for uniform 
dispersion as given in Fig. 3 and Fig. 4. The correlation coefficient between the simulated results and the results 
from previous literature was found using SciLab. 
A correlation coefficient of 0.891 was obtained between data plots for three bladed stirrer. Similarly a correlation 
coefficient of 0.886 was obtained for four bladed stirrer configurations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Plots comparing simulation data with previously published results: 4 bladed stirrer of 90° blade angle 
Correlation between the two data was found to be 0.886 
 
4. Conclusion 
It can be seen that the effectiveness of mixing is directly affected by the shear rate that is generated in the fluid 
domain. The results also indicate that there exists an identifiable relationship between the shear rate and the uniform 
dispersion time of particulate matter. This leads to implementation of shear rate developed as a measure of 
performance for quantifying effectiveness of mixing. With usage of shear rate developed as the parameter 
determining mixing, we will be able to predict the mixing behavior from single phase simulations of different 
systems. 
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